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(54) ACTIVE MATRIX TYPE LIQUID CRYSTAL DRIVING DEVICE 

(57)Abstract: 

PURPOSE: To provide such a means for an active matrix liquid crystal 
driving device to realize both of transistors having excellent 
characteristics and pixels having good light-transmitting property. 
CONSTITUTION: The device has the following structure. A transistor 6, 
pixel electrode 2, scanning bus 4, and data bus 5 are formed on a first 
substrate 1, while a transparent conductive film 15 is formed on a 
second substrate 12 which faces the first substrate with a liquid crystal 
1 1 interposed. At least one of the substrates consists of a transparent 
semiconductor such as a SiC single crystal having 6H-SiC structure or 
polycrystalline SiC and the semiconductor substrate is used as the 
active layer of the transistor. The resistance of the SiC substrate can be 
decreased by ion implantation method using N2, NHS and AI(CH3)3. 
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XAIMS 



Claim(s)] 

Claim 1] The active matrix liquid crystal driving gear characterized by preparing a transistor, a pixel electrode, a 
•canning bus line, and a data bus line on one substrate, preparing the reference electrode on other substrates which 
counter on both sides of liquid crystal, and forming one [ at least ] substrate with the transparent semi-conductor. 
Claim 2] The active matrix liquid crystal driving gear indicated by claim 1 characterized by being formed with a semi- 
:onductor with the transparent substrate with which the transistor, the pixel electrode, the scanning bus line, and the data 
)us line are prepared, and this substrate serving as a barrier layer of this transistor. 

Claim 3] The active matrix liquid crystal driving gear indicated by claim 1 or claim 2 characterized by forming the 
.ubstrate with the semi-conductor of a single crystal or polycrystal. 

Claim 4] The active matrix liquid crystal driving gear indicated by any 1 term from claim 1 characterized by forming 
he substrate of SiC of a single crystal or polycrystal to claim 3. 

Claim 5] The active matrix liquid crystal driving gear indicated by claim 4 characterized by the crystal structures of SiC 
)eing 6 H-SiC. 

Claim 6] The active matrix liquid crystal driving gear indicated by claim 4 characterized by SiC being a non dope. 
Claim 7] It is N2 to the substrate which consists of SiC. Active matrix liquid crystal driving gear indicated by claim 4 
characterized by forming the low resistance barrier layer of a transistor by performing the used ion implantation. 
Claim 8] It is NH3 to the substrate which consists of SiC. Active matrix liquid crystal driving gear indicated by claim 4 
characterized by forming the low resistance barrier layer of a transistor by performing the used ion implantation. 
Claim 9] It is aluminum (CH3)3 to the substrate which consists of SiC. Active matrix liquid crystal driving gear 
ndicated by claim 4 characterized by forming the low resistance barrier layer of a transistor by performing the used ion 
mplantation. 
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)ETAE.ED DESCRIPTION 

Detailed Description of the Invention] 
0001] 

Industrial Application] This invention prepares a transistor in pixel correspondence, and relates to the active matrix 
iquid crystal driving gear which performs electrical-potential-difference writing to a liquid crystal cell, and maintenance 
LCtuation using this switching operation. 

0002] Although the liquid crystal display using such a driving gear is already put in practical use to the 10 inch class, 
leed is further expected as a display of large-sized television or a personal computer, and improving image quality is 
;xpected. 
0003] 

Description of the Prior Art] Drawing 1 is the drive circuit diagram for 1 pixel of a liquid crystal display. 1 pixel of 
iquid crystal capacity of a liquid crystal display is connected with the gate terminal, the drain terminal, and the source 
erminal of the transistor which has a source terminal between touch-down potentials. If only time amount T impresses 
he electrical potential difference which has the level H which makes a transistor an ON state to the gate terminal of this 
ransistor, only time amount T will be in switch-on, and a transistor will write drain terminal voltage in liquid crystal 
capacity. 

0004] If a transistor is turned off after progress of time amount T, liquid crystal capacity will be held and will maintain 
he orientation condition of a liquid crystal molecule until gate terminal voltage is set to level H next. 
0005] Drawing 2 is the component structure explanatory view for 1 pixel of a liquid crystal display, (A) shows a flat 
.urface and (B) shows the X-Y cross section of (A), this drawing - setting - 1 - the 1st substrate and 2 - a pixel 
ilectrode and 3 a connection electrode and 4 ~ a scanning bus and 5 - a data bus and 6 - a transistor and 7 - a drain 
erminal and 8 ~ a source terminal and 9 - a gate electrode, and 10 and 16 - for the 2nd substrate and 13, as for an 
nsulator layer and 15, a light-shielding film and 14 are [ a polarizing plate and 1 1 / liquid crystal and 12 / the 
ransparence electric conduction film and 17 ] back lights. 

0006] The pixel electrode 2 which has the connection electrode 3 is formed on the 1st substrate I with transparent 1 
)ixel of a liquid crystal display. The scanning bus 4 and a data bus 5 are formed so that it may intersect perpendicularly 
lear this pixel electrode 2. A transistor 6 is arranged at the intersection of the scanning bus 4 and a data bus 5, the drain 
erminal 7 is connected to a data bus 5, the source terminal 8 is connected to the connection electrode 3 of the pixel 
ilectrode 2, and the gate electrode 9 is connected to the scanning bus 4. 

0007] Moreover, a light-shielding film 13, an insulator layer 14, and the transparence electric conduction film 15 are 
brmed in the 1st substrate I and the 2nd substrate 12 which counters on both sides of liquid crystal 1 1, the polarizing 
)late 10 and the polarizing plate 16 are stuck on the outside of the 1st substrate 1 and the 2nd substrate 12, respectively, 
ind the back light 17 is arranged on the outside of the 1st substrate I. 

0008] And the orientation of a liquid crystal molecule changes with the magnitude of the liquid crystal capacity 
ilectrical potential difference shown in drawing 1 , and in order to change the polarization angle of the light of the back 
ight which penetrated the polarizing plate 10 stuck on the 1st substrate 1, the quantity of light which penetrates the 
)olarizing plate 16 stuck on the 2nd substrate 12 will be controlled. The pixel of a large number which have such 
•tructure can be arranged two-dimensional, and an image can be displayed by giving a picture signal to a gate terminal. 
0009] 

Problem(s) to be Solved by the Invention] In the liquid crystal display explained by drawing 1 and drawing 2 , in order 
or the electrical potential difference of liquid crystal capacity not to decline after writing is completed, in order to write 
m electrical potential difference in liquid crystal capacity and to hold the orientation of a predetermined liquid crystal 
nolecule, it is desired for a current to be small as much as possible at the time of OFF of a transistor. Moreover, in order 
0 write in promptly in the time amount (address time amount) spent on writing, it is desired for a current to be large as 
nuch as possible at the time of ON of a transistor. 



f *i 

00 10] Generally, at the time of ON, the magnitude of a current is influenced by the magnitude of mobility and it is 
leeded that mobility is high. These properties improve in order of amorphous one, poiycrystal, and a single crystal by 
;rystalline difference, speaking of silicon (Si), if mobility is amorphous, in 0.5 - 3cm2 / vs, and poiycrystal, it is 2/vs 
.000-1 500cm at 20 - 60cm2 / vs, and a single crystal, and a current is a 1x10-13 A grade in amorphous ******** at 
xlO-1 1 - 1x10-12 A and a single crystal at the time of OFF. Therefore, it is desirable to use a single crystal for 
generating a transistor. 

001 1] In the liquid crystal display which, on the other hand, has the structure shown in drawing 2 , the part of a pixel 
;lectrode at least needs to be transparent so that the 1st substrate and 2nd substrate may not serve as hindrance of the 
)ptical path of a back light. 

0012] Therefore, in the case of a transparency mold liquid crystal display as shown in drawing 2 , transparent 
ngredients, such as glass or a quartz, are used as a substrate. However, in this case, as a semi-conductor layer used for a 
ransistor, since it is difficult to form a single crystal layer on an insulator layer with a current technique, the amorphous 
ayer and poiycrystal layer which were formed on the insulator layer must be used. Therefore, the property of a transistor 
s not enough by the reasons of the aforementioned physical properties. 

0013] Moreover, although a property is good since the liquid crystal driving gear using single crystal silicon as a 
.ubstrate is also developed and a transistor is formed with a single crystal, since a substrate does not let light pass, it can 
mly be applied to a reflective mold liquid crystal display, and cannot realize a transparency mold liquid crystal display. 
0014] Although explanation is summarized above and a single crystal layer is used as a driving gear, the condition of 
.aying that a substrate is transparent is the most desirable. There are the following as a related technique proposed from 
he former, 

0015] What is called SOS which grows single crystal silicon epitaxially to transparent single crystal insulation lifters, 
uch as sapphire and a spinel, and forms a component in this epitaxial layer (refer to JP,4-76523,A). However, since this 
echnique has the extremely high prices of substrates, such as sapphire, practical use is not presented with it. 
0016] What is called SOI which annealed and single-crystal-izes the transistor by the amorphous silicon and 
)olycrystalline silicon on a transparence substrate by a laser beam exposure or electron beam irradiation. However, with 
L technique current in carrying out the exposure of a laser beam etc. to homogeneity over the whole surface, it is very 
lifficult and a process becomes compUcated. 

0017] Formed the stripe pattern upwards with the photolithography technique on the transparence substrate, and 
imorphous, or the thing which forms the silicon of poiycrystal, performs and single-crystal -izes laser annealing after 
hat, and controls a crystal growth side by irregularity on a transparence substrate (refer to JP,3-65928,A). However, 
ince the pattern of this irregularity must be the dimension of atomic order, it is not put in practical use. 
0018] What is connected by wirebonding which stuck with adhesives the transparence substrate and the substrate which 
)repared the component section by the single crystal (refer to JP,61-241784,A, JP,63-101829,A, JP,3-100516,A, and 
P^59-45485,A). However, since a technique of a different kind is needed, utilization is not regarded as the process of th€ 
isual liquid crystal drive circuits, such as adhesion on processing, and polish of an unnecessary part, yet in respect of a 
echnique and cost. 

0019] What sticks single crystal silicon around a transparence substrate by the static voltage arrival method (refer to 

P,3-56941,A). However, this technique is not put in practical use by the above-mentioned reason, either. 

0020] That from which only the pixel section removes a silicon substrate after forming a component on a single crystal 

ilicon substrate (refer to P,60-198581,A). However, this technique also has the problem as the above called the need 

hat adhesion and polish of a support substrate are the same, in the production process. This invention aims at offering a 

neans to realize to coincidence the transistor which has the outstanding property, and the pixel which has good 

ranslucency. 

0021] 

Means for Solving the Problem] In the active matrix liquid crystal driving gear concerning this invention, a transistor, a 
)ixel electrode, a scanning bus line, and a data bus line are prepared on one substrate, the reference electrode is prepared 
)n other substrates which counter on both sides of liquid crystal, and the configuration in which one [ at least ] substrate 
s formed with the transparent semi-conductor was adopted. 

0022] In this case, it is formed with a semi-conductor with the transparent substrate with which the transistor, the pixel 
jlectrode, the scanning bus line, and the data bus line are prepared, and can consider as the configuration which this 
•ubstrate has to the barrier layer of this transistor. 

0023] In this case, a substrate can consider as the configuration in which the crystal structure is formed with the semi- 
conductor of single crystals, such as 6 H-SiC, or poiycrystal. 

0024] In this case, they are N2, NH3, and aluminum (CH3)3 to the substrate which consists of SiC. By performing the 
ised ion implantation, it can consider as the configuration in which the low resistance barrier layer of a transistor was 
brmed. 



0023] ' . 

Function] The point using a single crystal semiconductor with this invention transparent to the substrate with which it is 
he same level as a single crystal, and light transmission nature offers a driving gear with a new high transparency mold 
iquid crystal display, and transistor characteristics constitute a liquid crystal driving gear is the description. 
0026] Since light penetrates by using a transparent single crystal semiconductor for a substrate, it becomes possible to 
constitute a penetrable liquid crystal display. Moreover, if a transistor is constituted using this substrate, although it will 
)e a single crystal therefore, about the same property as an LSI transistor can be realized, and a process which is referred 
0 as sticking the different-species substrate of a transparence insulator substrate and a single crystal semiconductor 
•ubstrate like [ in the case of being further based on the conventional technique ] is not needed. 
0027] 

Example] Hereafter, the example of this invention is explained, this invention person found out that silicon carbide 
SiC) was suitable, as a result of examining the various semiconductor materials which may be used as a transparence 
ingle crystal semiconductor substrate of an active matrix liquid crystal driving gear. Hereafter, the case where SiC is 
ised as a transparence semi-conductor substrate as an example is explained. 

0028] In the state of the non dope which is not pouring in the impurity, since it has the property of being highly 
ransparent, especially the thing that has the atomic structure of single crystal 6 H-SiC also in SiC is very useful as a 
ubstrate of a liquid crystal display. In addition, it is shown that the period of a pile is 6 and 6H of 6 H-SiC are hexagona 
.ystem (H). 

0029] as the approach of growing the single crystal of 6 H-SiC and forming an ingot -- amelioration Rayleigh - law is 
ised. This is the approach of making it heating and sublimating to 1800-2600 degrees C in a graphite crucible, attaching 
L temperature gradient, and depositing a crystal in the low-temperature section. Like the usual single crystal silicon for 
^SI, an ingot is cut in the shape of a slice, is processed into the wafer of 0,5- 1mm thickness, and is used as a substrate, 
^though the approach of forming a transistor and the pixel section on this substrate is the same as that of the case of the 
conventional single crystal silicon almost, it explains the example of a process. 

0030] Drawing 3 and drawing 4 are the production process explanatory views of one example of this invention, and (A) 
(F) shows each process. Setting to this drawing, 21 is a SiC substrate and 21 1. A source field and 212 A drain field and 
\2 are Si02. The film and 221 Gate dielectric film and 23 are aluminum film and 23 1 . For a resist and 25, the SiN film 
ind 26 are [ a gate electrode and 24 ] a pixel electrode and 271. A source electrode and 272 It is a drain electrode. This 
)roduction process explanatory view explains the manufacture approach of one example of this invention. 
003 1 ] The 1 St process (refer to drawing 3 (A)) 

>i02 which serves as gate dielectric film on the SiC substrate 21 The film 22 is formed by the oxidizing [ thermally ] 
nethod, and the aluminum (aluminum) film 23 used as gate metal is formed by the spatter on it. 
0032] The 2nd process (refer to drawing 3 (B)) 

Patterning of the aluminum film 23 is carried out with a photolithography technique, and it is the gate electrode 23 1 . It 
brms and is this gate electrode 23 1. It is made a mask and is Si02. The film 22 is etched for example, by the RIE 
nethod (reactive ion etching), and it is gate dielectric film 221. It forms. 
0033] The 3rd process (refer to drawing 3 (C)) 

>ource field 21 1 Drain field 212 The resist 24 which has opening is formed in the location which is due to be formed, an 
mpurity is poured in into the SiC substrate 21 through this opening, and it is the source field 211. Drain field 212 It 

brms. ■ — 

0034] Under the present circumstances, it is N2 when forming an n channel transistor as gas. Or NH3 When using and 
brming a p channel transistor, it is B-2 H6. Or aluminum3 (CH3) It uses. In addition, although the SiC substrate 21 of 
he part which poured in the impurity becomes opaque, since a pixel is a different part as shown in drawing 2 , the part 
vhich poured in the impurity in the liquid crystal driving gear, i.e., the part which forms a transistor, does not need to be 
ransparent [ the substrate ]. 
0035] The 4th process (refer to drawing 4 (D)) 

rhe SiN film 25 is formed in the whole surface with a CVD method etc. as an interlayer insulation film. 
0036] The 5th process (refer to drawing 4 (E)) 

Patterning of the ITO which is a transparence conductor is formed and carried out to the whole surface, and the pixel 

ilectrode 26 is formed in it. 

0037] The 6th process (refer to drawing 4 (F)) 

>ource field 21 1 of the SiN film 25 which is an interlayer insulation film Drain field 212 Opening is formed by the RIE 
nethod etc., aluminum film is formed in a corresponding part all over opening on it being included, and the source 
;lectrode 271, the drain electrode 272, a data bus, and a connection electrode (not shown) are formed in it by carrying 
)ut patterning of this. 

0038] In addition, although transparence substrates, such as a glass plate or a quartz plate, can be used like the usual 



iquid crystal driving gear since a component is not formed in the 2nd substrate 12 (refer to drawing 2 ) in drawing 2 , 
his 2nd substrate 12 can also be formed with a SiC subst rate^-^^ 
0039] ^ 

Effect of the Invention] Since a semi-conductor substrate transparent as a substrate of an active matrix liquid crystal 
Iriving gear is used according to this invention as explained above, in the pixel section, light can be penetrated and a 
ransparency mold liquid crystal display can be formed. 

0040] Moreover, since this semi-conductor substrate is a single crystal, if a transistor is formed using this single crystal, 
t will become possible to be able to acquire the large ON state current which originates in high mobility compared with 
he case where a transistor is formed using an amorphous semiconductor layer, and the low OFF state current, and for 
here to be almost no fluctuation of the electrical potential difference written in pixel capacity, and to offer the image 
luality of high quality. 



Translation done.] 



